Abstract: Computer technology has contributed to innovative progress in industrial infrastructures and has had a major influence on various work environments. Evaluations of work environments are routinely carried out in Western countries, but historically there has been resistance to such evaluations in Japan. In this mini-review, we discuss the current work environments of urologists in Japan. The number of urologists has increased each year, and the population density of urologists was 5.4 (per 100 000 people) in 2014. The average age of urologists in Japan was 48.9 years, and the percentage of female urologists was just 5.3%. Additionally, the geographic distribution of urologists was uneven in Japan. From projections based on population dynamics, the need for more urologists in the near future will probably increase. Because medical environments vary depending on the country, it is necessary to understand current work environments in greater detail initially. Furthermore, we should determine original measures for the establishment of satisfactory urological work environments in Japan.
Introduction
Computer technology has greatly influenced the medical field and has been used to contribute to determining diagnoses. For example, Cohn reported that oncologists at Memorial Sloan Kettering Cancer Center in New York are using computers to help provide chronic care and cancer treatment diagnostics. 1 Knowledge from 600 000 medical evidence reports, 1.5 million patient records and clinical trials, and 2 million pages of text from medical journals have been used for benchmarking and pattern recognition purposes. This approach allows a computer to assess each patient's information, including individual symptoms, genetics, family and medication history, to diagnose and develop a treatment plan with the highest probability of success. Furthermore, robotic surgery in urology has become common. 2, 3 In 2013, Osborn et al. reported the expected impact of future computerization on USA labor market outcomes. 4 Their report had a public response. Thereafter, in the collaborative investigation between the Nomura Research Institute and Osborn's laboratory, the work that was more likely to be computerized accounted for 49% of the total 601 Japanese employments in the next decade or two. 5 It has also been reported that substitution of computers in place of humans will be difficult in occupations that require cooperation, understanding, persuasion and negotiation with others. Fortunately, most jobs in the medical field share these characteristics. In contrast, such big changes in work environments create new stresses and dilemmas. Physician burnout, which is a syndrome defined by the triad of emotional exhaustion, depersonalization and low sense of personal accomplishment related to one's work, is higher than other occupations and is increasing every year. [6] [7] [8] [9] These results are in support of the aggravation of work environment in physicians. In fact, burnout in urologists has already been reported in other countries. aged ≥65 years, should continue to increase until 2042 (Fig. 1a) . The aging rate of the Japanese population is the most remarkable in the world. Japanese urologists increasingly will face tremendous medical problems and opportunities because of the expected increasing demand for urological care and services in the aging population. Therefore, urologists in Japan should recognize these changes in the future medical environments and prepare for them. Some other countries have already investigated the work environments of urologists in detal. [15] [16] [17] However, in Japan, the work environments of urologists have hardly ever been evaluated. In the present review, we discuss the current work environments and workforce of Japanese urologists, present problems that must be addressed, and propose future research direction in reference to the epidemiology of urological diseases and prediction of population dynamics.
Current status of medical physicians in Japan
First, we discuss the work environment of all Japanese physicians before considering that of urologists. Based on the data of the Ministry of Health, Labor and Welfare, the number of Japanese medical physicians was 311 205 in 2014 and has been increasing each year (Fig. 2a) . 18 The population density of Japanese physicians was 2.3 (per 1000 population) in 2014. The geographic distribution pattern is uneven, and shows a lower density to the east and a higher density to the west (Fig. 2b) . Among Japanese prefectures, which are the largest administrative divisions of Japan, the maximum population density of physicians was 3.1 (per 1000 population) in Kyoto prefecture and the minimum density was 1.5 in Saitama prefecture, which is a twofold difference. The average age of Japanese physicians was 49.3 years, and has been increasing each year. The percentage of female doctors was 20.3%, and has increased 2.5-fold relative to the percentage 16 years earlier (Fig. 2a) .
Comparison of the medical environment in Japan with those of other countries
To determine problems in the work environment of Japanese physicians, we compared the work environments of a variety of countries by using the results of the OECD.
19 Table 1 presents a summary of the medical environments in the USA, UK, Germany, Korea and Japan. In 2014, the OECD data showed that the population density of Japanese physicians was below the average of all countries, and the percentage of female doctors was ≤50% of the OECD average. Excluding pharmacists, the number of nurses in the health workforce was also less than the OECD average. Regarding health resources, health expenditures, as a share of the GDP, and pharmaceutical spending exceeded the OECD average. The numbers of magnetic resonance imaging units and computed tomography scanners were greater than the numbers in other countries. Additionally, the number of healthcare activities also exceeded the OECD average. These tendencies in health resources, the health workforce and health equipment in Japan were similar to those in the USA. However, the total number of healthcare activities was higher in Japan than in the USA.
Current status of urologists in Japan
The number of Japanese urologists was 6837 in 2014 according to data from the Ministry of Health, Labor and Welfare, and the number increased 1.3-fold relative to the number 16 years earlier (Fig. 3a) . 18 The population density of urologists in 2014 was 5.4 (per 100 000 people). Among Japanese prefectures, the maximum population density of urologists was 8.0 in Kochi prefecture and the minimum was 3.3 in Ibaraki prefecture, which is a 2.9-fold difference that was slightly larger than that for the total number of physicians. The geographic distribution of urologists was different from that of all physicians, and the densities of urologists around Tokyo and Nagoya were particularly low (Fig. 3b) . The average age of urologists in Japan was 48.9 years, and was similar to that of Japanese physicians. The percentage of female Japanese urologists was just 5.3%, which was approximately 25% of that of all physicians (Fig. 3a) and represented a 2.5-fold increase from the percentage 16 years earlier. The number of JUA members and Japanese board-certified urologists in 2014 in the data from the JUA office were 8348 and 6555, respectively (Fig. 3a) . Both numbers had increased over time.
Comparison of the characteristics of urologists between Japan and the USA The AUA has reported on the state of the urology workforce and urological practice in the USA every year. 15 The work environments of Japanese and USA urologists in the areas of health workforce and health equipment were similar. The population density of Japanese urologists was approximately 1.5-times that of the USA ( Table 2 ). The average age of urologists in Japan was approximately 6 years younger than that of urologists in the USA. Similar to Japan, the percentage of female urologists in the USA was low at 7.7%.
The 2015 AUA annual census stated that approximately 63% of urologists did not have a primary subspecialty ( Table 2 ), and that oncology was the most common (9.7%). Of the subspecialties presented in the AUA multiple choice questions, oncology was chosen most often at 40.8%, and endourology/stone disease was next at 37.3%. The primary and subspecialties of Japanese urologists could not be clearly determined. The previously reported percentage of clinical urologists who were board certified by the Japanese board of cancer therapy was 21.1%, but is only an estimate. 20 Because the subspecialty of stone disease had not been established, it was not possible to compare the percentages between the USA and Japan in this area. Pediatrics was the third most common primary subspecialty at 6.0%, and was the eighth most common choice at 13.3% in the multiple choice questions in the AUA data. In Japan, the previously reported percentage of urologists board certified by the Japanese Society of Pediatric Urology of 1.8% is also only an estimate. 21 The data from the Ministry of Health, Labor and Welfare showed that the percentages of urologists working in private settings and institutional settings were 26.7% and 73.7%, respectively. These results were in contrast to those in the USA. 
Discussion Japanese urologist workforce
Because the capacities of medical schools were limited as a national policy in Japan beginning in 1997, growth in the number of physicians slowed subsequently. However, because of the medical environments in other countries and the recent changes in population dynamics in Japan, the capacities of the medical schools in the areas with low physician densities was increased after 2007. 22 As an estimate, it has been reported that the number of physicians in 2025 increased to 362 000 relative to that in 2010, which represented an approximately 1.4-fold increase. 23 The number of urologists also increased, as did the number of female doctors. The percentage of female physicians exceeded 30% of new medical school graduates in Japan. It is estimated that the percentage of female physicians will increase to approximately 50% until 2050. To achieve steady growth in the number of new urologists, it will be important to increase the number of female students in medical schools. However, the work environments of Japanese female doctors seem to have several problems at present. [24] [25] [26] [27] A lack of the understanding of male physicians caused by Japanese traditional male dominated society is an important problem. Spencer et al. reported that female urologists in USA are compensated significantly less than male urologists. 28 They also reported that sex was not a predictor of job satisfaction for urologists. The JUA established the Society of Female Urologists in Japan in 2006. 29 Reports of the Society of Female Urologists in Japan have noted some improvement since 2010 in the area of sexual discrimination against the employment of female urologists, as shown by the results of a questionnaire survey carried out in 2014. 30 Continuous social support for female urologists will be a necessary part of efforts to improve the working environments of Japanese urologists in the future.
Geographically uneven distribution
There was an apparent geographically uneven distribution of Japanese physicians. Matsumoto reported that the geographical distribution remained uneven from 1980 to the early 2000s, and that the uniqueness of the medical system, medical education system and medical practitioner system in Japan was associated with the results. 31 In the USA, it is reported that the density of urologists has been higher in urban areas than in rural areas since 1981. 16 A similar tendency has been reported from a study in Korea. 17 However, our study did not show such a tendency.
The National Institute of Population and Social Security Research estimated that approximately half of the elderly population in Japan in 2014 is concentrated around the areas of Tokyo, Nagoya and Osaka (Fig. 1b) . Urologist densities in areas around Tokyo and Nagoya were found to be low in this study. If urologist density in these areas does not increase, then the aggravation of the work environment might be revealed in the near future.
In Japan, each medical society has been carrying out the system of each specialist by each original method for several years. Therefore, the JMSB was established as the organization that unified specialties. 32 The close cooperation of each society is an important concept of the establishment in JMSB. Improvement in the geographically uneven distribution is cited as concrete, pending legislation in close cooperation with each society. In 2018, the new system of Japanese board-certified urologists in JUA, authorized by JMSB, will be initiated. We expect that this new system will be effective for geographically uneven distribution.
Subspecialties of Japanese urologists
The distribution of specialties practiced by present day urologists in Japan is a problem that must be addressed. Because of changes in the future population characteristics, regular examinations that focus on geriatric urological health have become a priority in Japan. Urological cancers are commonly observed in geriatric urology, with an increasing incidence worldwide. 33 Some investigators have reported that urological cancer-related mortality is associated with the geographical densities of urologists. 34, 35 Therefore, the importance of measures to detect urological cancer is obvious. In 2011, Koie et al. reported that no significant difference was seen in the geographical distribution of standardized mortality rates of prostate cancer in Japan. 36 As shown in Table 3 , the Center for Cancer Control and Information Service of the National Cancer Center in Japan (admin:13091) found no association between the density of urologists and prostate and bladder cancer-related mortalities in 2014 by simple linear regression and correlation. In contrast, the incidences of most urological cancers in Japan are not higher than those of other countries, and are ≤50% of those in the USA (Table 4) . [37] [38] [39] Furthermore, urological cancer mortality rates are better in Japan than in other countries. From these results, medical care for urological cancer in Japan might be superior to that in other countries. Osawa et al. reported differences in the types of prostate cancer healthcare providers between Japan and the USA. 40 There are huge costs required to educate and train physicians. Therefore, a supportive work environment for other cancer healthcare providers, such as certified nurse specialists, will be important to improve cancer healthcare.
Another important problem in geriatric urology is LUTS. In contrast to cancer, there are no racial differences in the incidence of LUTS. [41] [42] [43] [44] Recently, "frailty" has become a commonly used medical term in gerontology. Frailty is defined as a state of vulnerability that has been conceptualized as a biological syndrome of decreased reserve or resistance to stressors, which results in adverse outcomes, such as disability, institutionalization and mortality. 45 Some reports have found that the efficacy of existing treatments for LUTS in frail patients was low. [46] [47] [48] Suskind reported that transurethral resection of the prostate for benign prostatic hypertrophy in frail patients did not give satisfactory results. 49 Masumori et al. reported that a1-blocker monotherapy might not be appropriate for achieving a good long-term outcome in Japanese patients with a large prostate volume and a large amount of post-void residual urine volume. 50, 51 We should recognize the utility of surgery for benign prostatic hypertrophy again. Therefore, measurement of prognostic factor levels associated with LUTS will be a critical need in populations with increasing proportions of elderly persons. Similarly, the demand for so-called female urology, such as OAB and pelvic prolapse, has also increased. 42, 52 Moriya et al. have reported that several Japanese patients in female urology prefer to receive their medical checkup from a female urologist. 53 These results show the need for female urologists. Japan has carried out national surveys on urolithiasis every 10 years after 1965 that have shown an increasing incidence of urolithiasis among the Japanese population because of lifestyle factors, diagnostic progress or aging. 54 In 2005, the annual incidence rate of upper urinary tract urolithiasis was 134 (per 100 000 people), and was approximately threefold that in 1965. However, similar to urological cancer, the prevalence of urolithiasis in Japan is one-tenth of that in the USA. 55 The current status of Japanese urologists specializing in urolithiasis is not well understood. Prophylactic treatment is useful for urolithiasis, similar to other lifestyle-related diseases. Yasui et al. found that the incidence of urolithiasis was higher in geographic areas with populations that have low fruit and high sugar intake. 56 In the future, enlightenment of medical personnel and education of patients on a proper diet will be important.
The field of pediatric urology includes many different diseases. In Japan, several congenital malformations in pediatric urology are treated by various kinds of surgeons, such as pediatric urologists, pediatric surgeons and plastic surgeons, which complicate the medical service system of this pediatric urology. A representative and characteristic disease is congenital malformation. The incidences of most congenital malformations in Japan are not known. Hypospadias is the most common congenital malformation of the penis. The epidemiology of hypospadias has been established in Japan. In 2004, Kurahashi et al. reported that the prevalence of hypospadias in Hokkaido was 3.9 per 10 000 births. 57 Springer et al. reported that the prevalence of hypospadias in Japan was one of the lowest in the world (<5 per 10 000 births), and was one-tenth that of countries having a high prevalence, including the USA. 58 Additionally, the population of Japan has decreased after peaking at 29 890 000 people in 1954. If the incidences of other diseases in pediatric urology are as low as that of hypospadias, novel measures in Japan will be necessary. We believe that improved epidemiological surveys and assessments of the work environments of urologists are crucial for the future of pediatric urology in Japan.
In addition, renal transplantation, ED and reproductive medicine are cited as items of subspecialty in AUA reports. In Japan, because hemodialysis therapy can be carried out by very cheap self-pay using public assistance as the renal replacement therapy, the total number of renal transplantation cases in Japan was just 1661 in 2015. 59 Although transplantation law was revised in 2010, the growth rate of the number of renal transplantations from 2010 through 2015 was 11%. Therefore, increasing the number of renal transplantations is very difficult in the present situation. With regard to ED, it has been reported that the prevalence is higher in Japan than in other countries. 60 In contrast, it has been reported that sexual activity is lower in Japan than in Western countries. 61, 62 Although Japan received universal health insurance for most diseases from 1961, it does not cover ED; hence, an expansion of the market of ED might not be expected in the future. Regarding reproductive medicine, even if medical examinations and treatment are expensive, most of these are not covered by universal health insurance, similar to ED. Furthermore, there is an extremely low number of specialists in reproductive medicine. 63 In Japan, with the declining birthrate and aging population, urologists should recognize that the measure for reproductive medicine is an urgent problem.
Conclusions
Because the density of Japanese physicians will increase as the population declines, unplanned increases in the number of physicians is not advisable. In contrast, poor working conditions -which many Japanese physicians endure in daily practice, sometimes without rest after night duty -is a problem that is often ignored. It is easy to imagine that the aggravations of the work environments of urologists can cause burnout syndrome as they can in other occupations. If epidemiological studies of more urological diseases can be carried out in collaboration with the healthcare administrations of various institutions and facilities, more effective assessments can be made and better treatments can be implemented. To develop appropriate healthcare for current and future needs in Japan, questionnaire-based surveys on the current work environments of Japanese urologists should be initially carried out. 
